Collagen forms the major organic constituent of human tooth dentin with non-collagen proteins and proteoglycans contributing for minor fragment. Studies involving the nature of non-collagen proteins are comparatively rarer than the other dentinal components. With this background the authors conducted the present study. To identify the specific and unspecific noncollagen proteins in the dentin. Samples of teeth tissue prepared using guanine hydrochloride in natrium acetate and then subjected to polyacrylamide gel electrophoresis. The samples were visualized using Coomassie Blue coloring technique. The pattern of electrophoresis of dentin fraction indicated large protein component. The mass spectrometric analysis results of the two gel parts confirmed the presence of dentin sialoprotein and bone sialoprotein in the dentin fraction. Difference in the molecular mass was evident between the two protien fractions. The authors suggest that since dentin sialoprotein is specific to dentin and not identified in any other tissue, it may be a unique constituent and may play a critical role in formation of dentin.
Dentin, as a specific hard dental tissue, is rich in organic substances which make around 20% of its weight and 33%of its volume. Almost 90% of dentin's organic matrix is collagen, whereas the rest contains non-collagen proteins and proteoglycans with a dominant anionic character, as well as some lipid components.
However, non-collagen organic content of the dentin has not been studied enough. Dentin sialoprotein (DSP) belongs to the group of acidic glycoproteins. This protein was discovered only inside the dentin and its molecular mass of 95kDa was derived in the process of SDS -polyacrylamid gel electrophoresis (PAGE) . The secretion is getting collected from the odontoblast and some dental papilla cells. DSP synthesis is carried out after collagen type I secretion, but prior to the repositioning of the mineralized dentin's first layer. The role of dentin sialoprotein has not been defined in the process of dentinogenesis. Bone sialoprotein (BSP) can be found in traces inside the dentin. Our project's results also confirm the presence of low BSP quantity. Bone sialoprotein (BSP) is highly glycolized and sulfatased phosphoprotein, originally isolated in the bones. The process of immunodetection proved that BSP is absent from the soft tissues such as muscles, cartilage, tendons, skin and liver. BSP consists of nearly 300 amino acids and it is rich in glycine and asparagyl.
Osteopontin is a phosphorolyzed glycoprotein containing RGD (arginine-glycineasparagyl acid) integrin receptor bonding sequence, integrin being responsible for the interaction between a cell and an extracellular matrix and found on the cell membrane surface. This fact connects Osteopontin with the biochemical processes taking place in the extracellular matrix. Osteopontin molecular mass is 44kDa. It is located in the predentin and is not typical of dentin, as it is present in many tissues. Osteopontin is located in the mineralization front region where it has a role in inhibition of forming apatite crystals.
Dentin and its complex ultra structure, molecular content and biochemical processes happening in this tissue have not been enough clarified yet. Therefore, they still present a challenge for science.
Introducing SDS-PAGE electrophoresis enabled the presence of protein in the dentin to be more precise determined, as well as its quality and quantity content.
The Aim
The aim of the research is to: 1)
Identify the specific and unspecific noncollagen proteins in the dentin using the SDS-PAGE electrophoresis abilities 2)
Present the molecular and biological importance of the detected proteins in the dentin, in the process of dentinogenesis, using analysis of the obtained results and comparing them with the data from literature.
MATeriAl And MeThods

Preparation of samples
100g of teeth were first frozen in liquid nitrogen and then crushed in particles to powder consistence using a hydraulic press. The frozen tooth powder mass was treated with guanine hydrochloride in 50mM natrium acetate, with 5,8pH value. The aim of this procedure was removal of cell remnants and macromolecules not derived from dentin¹'². sds-PAGe SDS-PAGE (SDS -polyacrylamide gel electrophoresis) is an electrophoretic method of polypeptides' separation based on the difference in their molecular masses. This method is used as an individual procedure of protein electrophoresis' analysis and it is very important in the initial research of protein groups in a given sample. SDS-PAGE also represents another dimension of 2D electrophoresis, thus achieving more precise separation and characterization of macromolecules in the sample.
SDS-PAGE electrophoresis is performed in polyacrylamide gels containing sodium dodecyl sulfate. Gels used in this procedure are being prepared in labs right before the experiment begins. Polyacrylamide gels are polymerized solutions of acrylamide and bis-acrylamide. The acrylamide itself creates linear polymers, whereas bis-acrylamide enables cross connections among polyacrylamide chains. In that way, a gel is being polymerized, having a role of a sieve, in which the bigger pores are close to the gel top and the pore size is permanently and gradually decreased as approaching to the lower edge of the gel³'t ¿u .
During the SDS-PAGE electrophoresis, all the sample proteins initially placed in the inert gel for setting samples (stacking gel) and on the top of the separation polyacrylamide gel (running gel), migrate towards the anode (negative electrode) on the bottom of the gelv .
During PAGE, the level of SDS-treated protein migrations is determined by the protein molecular mass. The proteins are filtered through the gel 'sieve' and heavier proteins stay trapped in the higher gel parts, while the lighter ones go lower, where the gel pores' diameter gets smaller. The gels are prepared inside a machine for PAGE electrophoresis, by Amersham Biotech Company. Preparation of the 14% separatory gel is made using the following prescription: 1,875ml of deionised water; 1,25ml of 1,5M Tris HCl with pH8,8; 50 micro liters of 10% SDS; 1,75ml of 40% acrylamide; 1,75ml of 40% Bis-acrylamide; 50 micro liters of 10% ammonium persulfate and 25 micro liters of TEMED.
5% inert gel for setting samples is prepared as following: 1,2ml of deionised water; 0,5ml of 1,5M Tris HCl with pH 6,8; 20 micro liters of 10% SDS; 0,25ml of 40% acrylamide/ Bis-acrylamide; 20 micro liters of 10% ammonium persulfate and 10 micro liters of TEMED.
Prior to the application in the gel, dentin samples are boiled in a dish with water about 5 minutes after the boiling point. This procedure is necessary due to the complex protein structure which requires denaturation of the polypeptide chains. 20 micro liters of merkaptoeptanol is added to the samples, with a role of breaking the disulfate bonds in the protein (Berkelman and Stensted, 1998) .
Control samples with familiar molecular masses (MW markers) are placed in the bordering gel columns, thus enabling the comparison between the known facts and the examined unknown samples.
Visualization of samples
Coomassie Blue coloring technique has been largely applied in the process of protein visualization in SDS-PAGE. Coomassie Blue Staining Protocol involves soaking of the gel into a solution of 50% ethanol and 10% of vinegar acid for a period of time of at least an hourw ´x .
What follows is rinsing of the gel in water and then its developing in 0,04% of formalin (35% formaldehyde in water) and 2% of natrium carbonate while intensely stirring the gel. Treated gels, being colored using Silver Staining technique, are kept on 4°C in a 1% vinegar acid solution, up to the moment of the result analysisy .
Visualization of the electrophoresis results being done, gel points are chosen (after coloring, proteins become visible as dark stains), cut out from the gel and directed to the mass spectrometric analysis.
Mass spectrometric procedure includes analyses and verification of the obtained results (traces of specific proteins or protein groups on the gel) by determining the amino acid protein chains existing in the gel part. Determination of amino acid sequences is performed using the process of Edman's degradation, which allows the isolation of protein in significantly small amounts.
The results in terms of determined amino acid sequences are then compared with the available database containing the sequences of the existing and described proteins. The analysis of amino acid sequence similarities has been enabled by using a special database with all polypeptide amino acid chains discovered up to the present moment.
research results
Polyacrylamide gel samples with the results of dentin fraction electrophoresis show presence of very big protein concentration in this fraction. The mass spectrometric analysis results of the two gel parts confirm the presence of dentin sialoprotein (DSP) and bone sialoprotein (BSP) in the dentin fraction. DSP molecular mass is about 90kDa, whereas BSP is located in the gel with high concentrations at the molecular mass levels ranging from 70 to 75kDa. Picture 1 to 5 show mass spectrometric analyses results presented in BLAST program for identification of amino acid protein sequence.
Mass spectrometric analysis of dentin fraction 32, treated in PAGE, reveals presence of acid glycoprotein, Osteopontin, and is of about 44kDa molecular mass. The results are shown in BLAST program of NCBl database (pictures 6 to 8).
discussion
The results of the original researches point out to the presence of sialoprotein in the examined dentin fraction (picture 1). Dentin sialoprotein (DSP), known also as 95kDa glycoprotein, is rich in sialic acid and it is found only in the dentin. As opposed to other glycoproteins, Osteopontin, bone sialoprotein and BAG-75, DSP does not contain phosphates. Similar to other sialoproteins, DSP is rich in aspartame acid, glutamine acid, serine and glycine¹p . 29,6% of carbohydrate content in DSP includes around 9% of sialic acid. DSP is made of a singular polypeptide chain without cysteine or disulfide bonds (pictures 2 and 3) .
Migration of DSP in the process of SDS polyacrylamide gel electrophoresis shows that its molecular mass is about 140 000 in 5-15% gradient gel, but 105 000 in 15% gels¹¹. Data from modern literature stress the migration level of DSP to be slightly above 94 000, which is a standard value of its molecular mass, and that officially confirmed DSP having a molecular mass of 95kDav . These facts fully correlate with the results of our project.
Dentin sialoprotein is an odontoblast product and it secretases into predentin and dentin¹²'¹³. More precise immunohistochemical researches with purified antibodies confirm that SDP is synthesized by the odontoblast and that it is found both in the predentin and dentin. The presence of this protein has not yet been confirmed in the glut, bones, muscles and cartilage¹t .
DSP role in the process of dentinogenesis is not known. It is supposed that DSP influences Results of mass spectrometer analysis of fraction 15 dentin gel sample shown in BLAST program, for identification of protein amino acid sequence (NCBI). One of the samples was identified as dentin sialoprotein Fig. 3 . A result of mass spectrometer analysis of fraction 15 dentin gel sample shown as amino acid sequence (DSP) the process of mineralization¹u , 16 . Taking into consideration the expression of this protein in odontoblast and odontoblastic cells, DSP may be an important marker of odontoblast phenotype. Induction experiments of reparation dentinogenesis show that cells replacing the damaged odontoblastic layer contain dentin sialoprotein, which is not the case with the neighboring cells¹t .
Bone sialoprotein (BSP) is only found in traces inside dentin¹p . Our results also prove its presence in small quantities. BSP is highly glycolized and sulfated phosphoprotein, originally isolated in the bones. Immunodetection proved that BSP is not present in soft tissues such as muscles, cartilage, tendons, skin and liver¹w '¹x . BSP consists of around 300 amino acids and is rich in glycine and asparagine (picture 4 and 5).
The results we got on the BSP molecular mass match the data from literature. The molecular mass of BSP varies between 70 000 and 80 000 and it is obtained by the protein migration in the process of polyacrylamide gel electrophoresis¹y . BSP and its mRNK synthesis in odontoblasts have been demonstrated in a series of studies²p . In the dentin, BSP is localized in odontoblasts and their tags, as well as in the peritubular dentin²¹. Protein expression is tied to the mineralized tissues -bone, Even though the role of bone sialoprotein in the tissue mineralization has not been clearly stated, it was proven that BSP induces creation of hydroxyapatite crystals in the system of agarose gel, when low concentrations of calcium ions and phosphates are present²³. Some facts from literature suggest that BSP can have an initiation role of growing hydroxyapatite crystals in mineralized tissues²¹.
Comparative data analysis from the literature and the original project results confirms the presence of Osteopontin in the organic dentin matrix (picture 6). Osteopontin is phosphorized glycoprotein with molecular mass of around 44kDa. It consists of approximately 280-300 amino acids (depending on the mammal type). It is rich in aspartame acid, serine and glutamine acid¹x . The protein also contains sulfates²t , especially tyrosine sulfate (pictures 7 and 8). E x p e r i m e n t s i n t h e f i e l d o f immunolocalization show that Osteopontin secretion is formed out of preosteoblasts, osteoblasts and fresh osteocytes²u . However, Osteopontin is also located in odontoblasts, serum, neuroepithelial cells of the inner ear and in the bone marrow cells²v . It is familiar that Osteopontin gets synthesized in osteoblasts during early stages of bones mineralization. Alkaline phosphatase is also noticed in the early stage of differentiation of cells which participate in the mineralization process²¹.
A conclusion can be drawn that these two proteins may act as markers of differentiated osteoblasts. In connection to this hypothesis, a question may be raised on whether Osteopontin and alkaline phosphatase may also act as markers of odontoblasts' differentiation. Osteopontin is found in the organic matrix of dentin²w and predentin²x .
The role of Osteopontin in mineralization processes is not known. Certain observations point to three possible roles that Osteopontin might have in the processes of mineralization. Due to its appearance in preosteoblasts and osteoblasts prior to formation of the first minerals, this protein could be a cell adhesion factor¹p . Other possible function of Osteopontin, as with other phosphoproteins, could be induction of mineralization in bones, dentin and cement²x . Finally, the third observed function of Osteopontin is its bonding to osteoclasts in the process of broken bones recovery²y .
conclusion
Dentin sialoprotein (DSP) is a specific protein in the dentin. It is a product of secretory activity of mature odontoblasts. It presents a reliable phenotype marker of odontoblasts. The mere fact of DSP being specific for the dentin and not being found in any other tissue, implicates its unique, critical and essential importance in dentinogenesis.
BSP and Osteopontin discovered in the research are not specific for the dentin and are produced both by odontoblasts and osteoblasts. Bone sialoprotein may have a role in initiation of the growth of hydroxyapatite crystals in the mineralized tissues. Osteopontin and alkaline phosphatase could be markers of odontoblasts' differentiation.
Analyzing the presented features of these unspecific proteins, it can be concluded their presence in the process of dentinogenesis is necessary. 
